Reference crop evapotranspiration (ETo) is essential for planning and management of irrigation to ensure optimum utilization of a region's available water resources. ETo being an indicator of atmospheric evaporative demand provides a measure of the integrated effect of climatic parameters like solar radiation, wind, temperature and humidity. Variation of these climatic parameters over long period of time alters ETo. The modified ETo is crucial for periodic adjustment of irrigation planning and management. This study evaluated variation of ETo and contribution of the climatic parameters to ETo-variation in Mymensingh region of Bangladesh by analyzing climatic data of 28 years . ETo was determined by FAO Penman-Monteith method and trends of ETo and its governing climatic parameters were evaluated by MAKESENS trend model. The ETo-governing climatic parameters revealed contrasting trends, which also varied in different months of the year. Net radiation and wind speed showed decreasing trend, while temperature and saturation vapor pressure deficit showed increasing trend. In spite of contrasting contributions of the climatic parameters, their combined effect reduced ETo with a resulting decreasing trend of the monthly average daily ETo over the months of the year except July. These results enhance our understanding of the effects of climate change on ETo and can help correct-planning of water resources for irrigated agriculture.
Introduction
Evapotranspiration is a vital dynamic component of hydrological cycle. Reference crop evapotranspiration (ET o ) is a standard for evapotranspiration, which regulates growth and development of crops. ET o is required in many hydrological analyses for a region, such as for calculating crop-water demand, scheduling irrigation system, preparing input data to hydrological water-balance models, regional water resources assessment, and planning and management of water resources (Xu et al., 2006) . A number of climatic parameters: temperature, relative humidity, wind speed, solar radiation and sunshine duration govern ET o . Climate variability and climate change are now considered to noticeably affect agriculture globally (Adamgbe and Ujoh, 2013) , and the situation is expected to worsen in the future (Ochieng et al., 2016) . Several regional and local studies, based on observational data sets, have found a variety of results in different regions of the world. In some areas (e.g., Australia), there has been large spatial variability in the evolution of ET o during the recent decades (Donohue et al., 2010) . A declining trend in ET o was reported for Dhaka and Mymensingh regions in Bangladesh (Karim et al., 2008) , north-west hydrological regions of Bangladesh (Rannu et al., 2013; Kader et al., 2014; Mojid et al., 2015) , USA (Irmak et al., 2012) and several regions in China (Ma et al., 2012; Huo et al., 2013; Zhao et al., 2014) . Contrasting result was also reported for southern Spain (Espadafor et al., 2011) , Greece (Papaioaunou et al., 2011) , central Italy (Vergni and Todisco, 2011) , Romania (Platineau et al., 2012) , Florida (Abtew et al., 2011) , central India (Darshana et al., 2012) and Iran (Kousari and Ahani, 2012; Tabari et al., 2012) . The dominant cause of increasing ET o was increased temperature in the Yellow River basin of China (Liu et al., 2010) and Romania (Paltineanu et al., 2012) but increased net radiation in Greece (Papaioaunou et al., 2011) . These observations imply that climate change impacts are region-specific. Both under decreasing and increasing ET o , crop-water demand must be adjusted periodically for developing appropriate irrigation scheduling systems. So, the changes in ET o due to climate change is of great significance in water resource planning for irrigation management and updating climate-change impacts over time.
Bangladesh is regarded as one of the most vulnerable countries in the world to climate change (Pouliotte et al., 2009; Huq and Rabbani, 2011 ). R s was calculated from R s =(a s +b s n/N)R a in which n is actual duration of sunshine per daylight (h) and N is maximum possible duration of sunshine (h) so that n/N is relative sunshine duration, R a is extraterrestrial radiation (MJ m -2 day -1 ), a s is a regression constant that expresses fraction of extraterrestrial radiation reaching the earth in overcast days (n = 0), and b s is a fraction of extraterrestrial radiation reaching the earth in clear days (n = N). The extraterrestrial radition, R a , for each day of the year was The outgoing net long-wave radiation, R nl , was calculated by -3 ) T. Wind speed at 2 m above ground surface, u 2 (ms -1 l; Eq. 1), was estimated by u 2 = 4.87u z /ln (67.8z-5.42). The soil heat flux density, G month,i (MJ m -2 day -1 ; Eq.1), was calculated by G month,i = 0.14 (T month,i -T month,i-1 ) where T month,i is mean air temperature (°C) of month i and T month,i-1 is mean air temperature (°C) of the previous month.
Trend analysis of ET o and ET o -governing factors
The monthly average of daily ET o and pertinent daily climatic parameters: net radiation, average temperature, saturation vapor pressure deficit and wind speed were determined for each of the study years . The trends of ET o and climatic parameters were detected and estimated by MAKESENS trend model. This model utilized Mann-Kendall test (Mann, 1945; Kendall, 1975) , which is a non-parametric method developed for analyzing trend in time series. The MAKESENS is a software package developed in Microsoft Excel97 and the macros were coded with Microsoft Visual Basic (Salmi et al., 2002) . The ET o and its governing climatic parameters were tested for the presence of any monotonic increasing or decreasing trend with the Mann-Kendall test and then slope of the linear trend, if present, was estimated with non-parametric method of Sen as explained by Gilbert (1987) .
Estimation of climatic parameters' contribution to ET o
Step-wise multiple linear regression analysis was done for ET o -governing climatic parameters to evaluate their relative contribution to ET o . This analysis was done following Draper and Smith (2014) and the significant impact-generating parameters were identified. In this technique, one additional climatic variable was added to the regression equation in the consecutive regression analysis. The coefficient of determination (r 2 ) in each step of regression analysis revealed relative contribution of the climatic parameters (s) in generating ET o . The probability values (p-values) obtained in the regression analyses provided the significance level at p  0.10, 0.05, 0.01 and 0.001; in this study, these probability values were categorized as p  0.10: fairly significant, p  0.05: significant, p  0.01: highly significant and p  0.001: very highly significant.
Results and Discussion
Trend of climatic parameters and ET o The monthly average of daily net radiation, R n , decreased over the study years (19902017) except in the month of October (Table 1 ). The yearly rate of decrease in R n was highly significant (p  0.01) in December and January and fairly significant/ considerable (p  0.1) in May and November. The monthly average of daily air temperature revealed increasing trend except in November and December (Table 1) ; the increasing rate was significant (p  0.05) in June, July, August and September but fairly significant in February and October (p  0.1). It seems contrasting that the air temperature increased in most of the months in spite of decreasing net radiation. This might be due to, as Trenberth and Fasullo (2009) reported, that there is an increase in absorption of net radiation in the top of the atmosphere, and from the standpoint of energy budget, the main warming occurs for the increase in absorbed solar radiation that stems directly from decreasing amount of cloud cover. Also, because of poor correlation between net radiation and air temperature, Weller and Wendler (1990) reported that net radiation cannot be used solely as a good indicator of air temperature, especially in summer, when the available heat energy is mostly used up in evaporating water and not to heat the air and therefore raise the ................... (6) temperature. Saturation vapor pressure deficit also showed increasing trend except in January, March, April and December, with significant (p  0.05) increasing rate in June and July. It showed significant decreasing rate in December only. Wind speed decreased highly significantly (p  0.001) in all the months of the year.
The monthly average of daily reference crop evapotranspiration, ET o , decreased over the study years (19902017) except in the month of July (Fig. 2a & b) .
The rate of decrease in ET o ranged from 0.002 mm day 1 year 1 to 0.086 mm day 1 year 1 (Table 1) . The decreasing rate in ET o was highly significant (p  0.001) in January, February, March, April, November and December; it was fairly significant (p  0.1) in May and October. For the other months, the rate of decrease in ET o was statistically insignificant. ), over the study period (1990-2017) for the months of: (a) January to June and (b) July to December.
Contribution of climatic parameters to ET o
The coefficient of determination, r 2 (Table 2) , obtained by regressing ET o against the governing climatic parameters individually, reveals that net radiation, saturation vapor pressure deficit and wind speed controlled 61%, 38% and 70% of the variation in ET o in January. The contribution of temperature in the variation of ET o was only 7% in this month. Above 60% of the variation in ET o was explained by R n in June, July, August, September and December. The p-values in Table 2 reveal that net radiation put very highly significant (p  0.001) control on ET o in January, February, May, June, July, August, September and December. Air temperature, T, contributed significantly (p  0.05) only in July. The impact of vapor pressure deficit, (e s e a ), in ET o was significant except in February and November. Wind speed, u 2 , exerted significant control on ET o in January, February, March, November and December. Individually, net radiation contributed significantly except in April and November and wind speed contributed significantly in January, February, March, November and December. But, wind speed and (a) net radiation together controlled 41-92% of the variation in ET o in different months of the year (Table 3 ). The combined effect of wind speed and saturation vapor pressure deficit controlled 84-96% variation in ET o except in November when it explained only 48% variation in ET o . Individually, both the wind speed and saturation vapor pressure deficit highly significantly contributed to ET o , with only exception in November when saturation vapor pressure contributed insignificantly (Table 3) . Temperature and wind speed conjointly controlled 43-80% variation in ET o ; wind speed exerted insignificant impact in May, October and November and temperature exerted insignificant impact in January, February, March, October, November and December (Table 3) . Saturation vapor pressure deficit and net radiation together explained 17-91% variation in ET o (Table 4) ; their contribution was 17% in November and 91% in July. The net radiation alone contributed significantly in the variation of ET o in January, February, April, June, July and August, while the saturation vapor pressure deficit put such contribution only in March, May, June, July and August. Temperature and net radiation together controlled 17-79% variation in ET o . However, in this combination, net radiation contributed significantly in the variation of ET o in January, February, May, June, July, August, September and December, but temperature did not contribute significantly. The combined contribution of saturation vapor pressure deficit and temperature varied widely over the months; it explained 12-78% variation in ET o (Table 4 ). The saturation vapor pressure deficit contributed significantly during March to September, but contribution of temperature was always trivial.
Wind speed, net radiation and temperature conjointly controlled 53-93% of the variation in ET o (Table 5) in different months during the study period. Wind speed contributed significantly (p  0.05) in this variation except in April, June, July and November. The contribution of net radiation was significant except in April, July and November, while temperature contributed significantly in May, July, August, September and October. Wind speed, net radiation and saturation vapor pressure deficit controlled 47-99% of the variation in ET o . Individually, the wind speed, net radiation and saturation vapor pressure deficit contributed highly significantly (p  0.001) to ET o , with exception in February for wind speed; in February, March and November for radiation and in February and November for saturation vapor pressure deficit. The interaction effects of net radiation, temperature and saturation vapor pressure deficit to the variation of ET o varied from 30-95%. In this combination, temperature contributed only minimally, net radiation asserted significant contribution in January, June, July and August, while saturation vapor pressure deficit provided such contribution only in March, April and July. 
Conclusion
Net radiation and wind speed decreased but air temperature and saturation vapor pressure deficit increased, all at different rates, in different months of the year during 1990 to 2017 in Mymensingh region of Bangladesh. The net radiation and wind speed played the most dominant role in the variation of reference crop evapotranspiration, ET o , over air temperature and saturation vapor pressure deficit. Consequently, the pooled effect of the climatic parameters provided a declining trend of the monthly average daily ET o in different months of the year except July, when air temperature and saturation vapor pressure deficit exerted the most dominant role over net radiation and wind speed in ET o-variation. The climatic parameters differed over the months of the year, and hence any fixed set of parameters did not exert similar impact on ET o in every month of the year. If the current climatic trend continues, it is anticipated that ET o would continue decreasing in the future in spite of the much expected increased temperature in future, as predicted by most climatic models; this anticipation is due to the lessdominant role of temperature in ET o . The decreasing trend of ET o indicates reduced crop-water demand since it is a direct function of ET o . The trend of climatic parameters, observed during 1990-2017, if continues in the future, would therefore reduce irrigation requirement in the study area. So, the results of this study need to be considered in planning irrigation development and management based on available water resources.
